Introduction
============

Since 1990, considerable progress has been made towards improving child health in the world.[@R1]^,^[@R2] Nonetheless, worldwide 50 million children younger than five years had acute malnutrition in 2014[@R1] and nearly 6 million children died in 2015.[@R2] The burden is particularly heavy in Africa, where conflict, political fragility and drought are more prevalent.[@R3] These events affect food security and nutrition by limiting food accessibility, impacting health services and disturbing the care structure within the society.[@R4]^,^[@R5] Several studies have documented the negative effect of conflict[@R5]^--^[@R10] and drought[@R7]^,^[@R11] on child health and nutrition.

Ethiopia has been affected by drought and starvation on a large scale since the mid-1980s. Untimely, abnormally low and infrequent rainfall has been increasing the frequency and impact of droughts in recent years.[@R12] Drought is the most complex and detrimental natural hazard and has a substantial impact in countries such as Ethiopia where the economy and livelihood are predominantly dependent on subsistence rain-fed agriculture.[@R12] The country has also experienced several conflicts, both within the country and with neighbouring states such as Eritrea and Somalia.[@R13] Nevertheless, in the decade 2000--2011, the country showed improvements in key economic and development indicators[@R14]^,^[@R15] and in 2014 Ethiopia was on track to achieve six of the eight millennium development goals (MDGs).[@R16] Yet child undernutrition is still a concern, with an estimated 4 819 770 (40%) of the child population of 12 049 424 being stunted and about 1 084 448 (9%) being wasted in 2014.[@R17] According to the Cost of Hunger in Africa study,[@R18] undernutrition in Ethiopia was responsible for an estimated 378 000 child deaths in 2005--2009 and cost about 16.5% of the country's gross domestic product (GDP), an estimated 4.7 billion United States dollars, in 2009 alone. The problem of undernutrition is worse in crisis-affected areas within the country, where food insecurity is heightened due to climate shocks and conflicts.[@R10]^,^[@R19]

Although several small-scale surveys have been conducted by humanitarian organizations in crisis-affected areas, we only found one study which investigated the associations among child undernutrition, conflict and variability in the general ecosystem in East Africa including Ethiopia.[@R9] Wasting reflects recent weight loss and has been shown to be a good predictor of child mortality.[@R20] Consequently, it is a preferred index of nutritional status in humanitarian emergencies and a proxy indicator for the general health and welfare of the entire population.[@R5]^,^[@R21] Thus, examining the effects of drought and conflict on the prevalence of wasting in children would provide knowledge to guide intervention strategies. Moreover, generated estimates could be a useful baseline for future surveys in crisis-affected areas. We sought to provide summary estimates of the prevalence of wasting among children aged 6--59 months and investigate the effects of drought and conflict on the prevalence of childhood wasting in regions of Ethiopia that had sufficient data available.

Methods
=======

Nutrition data
--------------

We obtained all data from publicly available databases ([Table 1](#T1){ref-type="table"}). First, we searched the Complex Emergency Database (CE-DAT) for all nutrition surveys carried out in Ethiopia from 1 January 2000 to 31 December 2013. CE-DAT compiles data on commonly used health indicators (e.g. nutrition, vaccination and mortality) from small-scale surveys conducted in areas affected by complex emergencies.[@R22]^,^[@R23] The Emergency Nutrition Coordination Unit of Ethiopia, a government department, leads the coordination and quality assurance of the surveys in the field,[@R28] while the CE-DAT team validates the surveys before entering the results in the database.[@R22]^,^[@R23] From 406 small-scale nutrition surveys identified we excluded duplicate studies; studies with non-probabilistic sampling design or unreported sample size; and studies of refugees, internally displaced persons, returnees (displaced persons who have returned to their place of origin or habitual residence) or mixed populations (refugees, internally displaced persons and residents living together). Based on our inclusion criteria, we used data from 231 surveys ([Fig. 1](#F1){ref-type="fig"}).

###### Key characteristics of the databases used in the analysis of the effects of drought and conflict on the prevalence of wasting in crisis-affected areas within Ethiopia, 2000--2013

  Variable           Database                                                                                                                                                                                                                                                                                                                      
  ------------------ ------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------
  Website            <http://cedat.be/>                                                                                                                                <http://sac.csic.es/spei/>                                                                    <http://www.acleddata.com/>                                                   <http://ucdp.uu.se/>
  Data compiled      Nutrition (e.g. childhood wasting and stunting), mortality and vaccination indicators from areas affected by complex emergencies                  Intensity, magnitude, duration and spatial extent of drought episodes                         Political violence event data, disaggregated by time, agent, type and space   Event-based georeferenced data set on organized violence
  Time coverage      2000--2013                                                                                                                                        1950-- ongoing                                                                                1997-- ongoing                                                                1946-- ongoing
  Spatial coverage   50+ developing countries                                                                                                                          Global                                                                                        60+ countries in Africa and Asia                                              35+ countries in Africa and East Asia
  Sample             3309 surveys                                                                                                                                      SPEI of the globe at a spatial resolution of 0.5 degrees                                      100 000+ conflict events (October 2015)                                       21 860+ violent events (October 2015)
  Data sources       Surveys from United Nations agencies; country clusters; academic institutions; NGOs; ministries of health; and published peer-reviewed journals   Calculated based on climatic water balance using monthly precipitation and temperature data   Media reports; humanitarian agency and NGO reports                            Media and research reports; international and multinational agency and NGO documents; and regional experts

NGO: nongovernmental organization; SPEI: standardized precipitation evapotranspiration index.
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From these surveys, we extracted data on the prevalence of wasting. Wasting was calculated from weight and height measurements of children aged 6--59 months to produce weight-for-height *z*-scores. A *z*-score index below −2 is a sign of acute undernutrition and is defined as wasting.[@R29] The prevalence of wasting in the surveys was reported in relation to the United States National Center for Health Statistics (NCHS) reference population or the 2006 World Health Organization (WHO) standard. To obtain comparable data over time, we converted estimates based on the NCHS standard into the WHO standard using a conversion algorithm.[@R30]

For each survey, we also extracted data on sample size, the date when the survey commenced, the administrative area name and the GPS (geographic coordinate system) coordinates of the study location.

Conflict events data
--------------------

We compiled data on any conflict events affecting each survey location. We used data from two sources: the Armed Conflict Location and Event Data Project (ACLED) and the Uppsala Conflict Data Program (UCDP) Armed Conflict Dataset ([Table 1](#T1){ref-type="table"}). ACLED contains georeferenced data on political violence and protests,[@R26] while UCDP provides information on armed conflicts in which the use of armed force between two parties (at least one of which is the government of a state) results in at least 25 battle-related deaths in a year.[@R27] Both ACLED and UCDP data are assembled from various primary and secondary sources (e.g. online databases, print media and reports from nongovernmental organizations \[NGOs\] and regional experts) and then aggregated, coded and cross-checked by experienced researchers to assure consistency, accuracy and compatibility with the inclusion criteria.[@R26]^,^[@R27] We combined the two data sets, to capture all conflict events occurring over the study period. We considered conflict events irrespective of their magnitude or impact, to accommodate smaller conflicts that might have an impact on the livelihood of the population. We created a binary variable to indicate the occurrence of a conflict event (yes/no) in a given location within six months before the survey starting date. Finally, we extracted the specific locations of the conflict events and matched them with the wasting data from CE-DAT in the same GPS location as each survey.

Drought episodes data
---------------------

We also compiled data on episodes of drought affecting each survey location. We extracted the data from the Global Drought Monitor database. The database provides real-time information about drought conditions at the global scale with a spatial resolution of 0.5 degrees (about 50 km) and a monthly time resolution ([Table 1](#T1){ref-type="table"}). We used the standardized precipitation evapotranspiration index, which is a multi-scalar index used to quantify the precipitation deficit over time and space for different timescales. The index enables identification of the severity of droughts, which is vital information for assessing different responses needed to drought.[@R24]^,^[@R25] We used the three-month index, which is a short-term or seasonal drought index,[@R25] as wasting is mainly the result of sudden or recent weight loss due to short-term shocks such as drought. Moreover, the three-month index better captures drought events affecting agriculture.[@R24]^,^[@R25] Thus, the short-term effect of drought on childhood wasting over the preceding three months of a survey could be adequately captured. Positive index values indicate a wet period while negative values indicate a dry period.[@R25] We categorized the index values as: no drought (value \> 0), mild drought (−1 \< value ≤ 0), moderate drought (−1.5 \< value ≤ −1) and severe to extreme drought (value ≤ −1.5).[@R31] The drought episodes at specific locations in a given period were matched with the wasting data from CE-DAT in the same month and GPS location as each survey.

Statistical analysis
--------------------

We identified and measured heterogeneity between the surveys using two statistical methods: the between-survey variance (*tau* statistic, *τ^2^*) and the percentage of variability in effect size due to heterogeneity (*I^2^*).[@R32] We then fitted a random effects meta-analysis to address the heterogeneity. To explain the heterogeneity, we further fitted meta-analysis of subgroups and random-effects meta-regression by including study-level covariates (moderators): conflict events, drought episodes, survey years and regions. We also tested the interaction effect to assess whether the association between drought and wasting varied by conflict status.

We used a Bayesian approach for meta-analysis to accommodate all parameter uncertainties in the model and to borrow strength from other surveys to improve parameter estimation.[@R33] As we had compiled a large number of surveys, each of which had a substantial sample size, we wanted our posterior inference to reflect the information in our data set without being influenced by the choice of prior distribution. Consequently, we assigned non-informative prior distributions for the model parameters.

The number of wasted children, r*~i~* (*i*= 1, ..., 231),was modelled using a binomial distribution: *r~i~ \~ binomial*(*p~i~ , n~i~*), where *p~i~* is the prevalence of wasting in survey *i* and considered as a random variable and *n~i~* is the sample size of survey *i*. The logit-transformed prevalence was assumed to follow a normal distribution: logit(*p~i~*) = *µ*~i~ and *µ*~i~ *\~ normal*(*µ, τ^2^*), where *µ* was the estimated common prevalence and *τ^2^* was the between-survey variance. The meta-regression model was then formulated by extending the above model to include moderators (*x~i~*) and is given by logit(*p~i~*) = *µ*~i~ + *βx~i~* , where *β* is the slope coefficient. Then non-informative priors were assigned to the parameters: *µ* *\~ normal* (0,10^6^), *β \~normal*(0,10^6^) and *τ\~ gamma*(0.001, 0.001). We ran the chain for 100 000 iterations with a burn-in length of 10 000 iterations to ensure convergence of Markov chain. The convergence was assessed by visual inspection of the trace plots and autocorrelation plots.[@R34]

We report the posterior median estimates of the prevalence of wasting as percentages and the odds ratios (OR) with 95% credible intervals (CrI). Results were judged statistically significant if the 95% CrI did not overlap 1.0.

The statistical analyses were conducted using WinBugs software version 14 (MRC Biostatistics Unit, Cambridge, United Kingdom of Great Britain and Northern Ireland). We used the metafor package for R statistical software (R Project for Statistical Computing, Vienna, Austria) for constructing the forest plots.

Results
=======

Survey descriptions
-------------------

[Fig. 2](#F2){ref-type="fig"} presents a summary of the survey characteristics and pooled prevalence of wasting among 175 607 children aged 6--59 months from 231 surveys in crisis-affected areas within Ethiopia between 2000 and 2013. The sample sizes ranged from 300--1227 children per survey. Further details of the surveys are available from the corresponding author.
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The dates of the surveys were distributed as follows: 67 (29.0%) were conducted between 2000 and 2004, 97 (42.0%) were between 2005 and 2009 and 67 (29.0%) between 2010 and 2013. The surveys covered seven of the 11 Ethiopian regions. Most of the surveys were from three administrative regions: Oromia (75; 32.5%), Southern Nations, Nationalities, and People's (66; 28.6%) and Amhara (50; 21.6%).

We ascertained that 26 (11.3%) of the surveys, involving a pooled number of 20 259 children, were conducted in areas affected by some kind of conflict in the six months before the surveys; 155 348 children lived in areas where no conflicts were recorded. Overall, 132 (57.1%) of the surveys were from areas affected by mild to extreme drought three months before the survey implementation month. The pooled numbers of children affected by mild drought were 79 389, moderate drought 13 323 and severe drought 6583; a total of 76 312 children were living in areas where no episodes of drought were recorded.

Pooled prevalence
-----------------

The heterogeneity statistic showed a large variability across the surveys compiled (*τ^2^* = 0.33; *I^2^* = 95.2%). Overall, a total of 21 709 children were affected by wasting and the estimated pooled prevalence of wasting from the 231 surveys was 11.0% (95% CrI: 10.3--11.7). Moreover, 143 of the surveys (61.9%) reported a wasting prevalence of over 10%. The highest regional prevalence was observed in Somali region (21.5%), where a total of 3891 children were affected by wasting, and the lowest was in Southern Nations, Nationalities, and People's region (8.4%; 5348 children; [Fig. 2](#F2){ref-type="fig"}). The estimated prevalence of wasting decreased steadily over the study period from 19.1% (2233 children) in 2000 to 8.5% (817 children) in 2013 ([Fig. 3](#F3){ref-type="fig"}).
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The pooled prevalence of wasting was estimated to be 13.1% among children living in areas affected by moderate drought (a pooled total of 2070 children; [Fig. 2](#F2){ref-type="fig"}) and this was higher than in areas with no drought (10.0%; 8576 children). In areas affected by severe drought the estimated prevalence of wasting was similar (10.6%; 732 children) to that in areas unaffected by drought.

The estimated prevalence of wasting was 12.1% (a pooled total of 2662 children) in conflict-affected areas and 10.8% in areas unaffected by conflict (19 047 children).

Meta-regression analysis
------------------------

In survey areas affected by moderate drought the odds of the prevalence of wasting were higher than in areas unaffected by drought (OR: 1.34; 95% CrI: 1.05--1.72; [Table 2](#T2){ref-type="table"}), whereas in areas affected by severe drought there was no difference compared with unaffected areas (OR: 0.96; 95% CrI: 0.68--1.35). Conflict in the survey area had no plausible effect on the odds of the prevalence of wasting (OR: 1.02; CrI: 0.82--1.26). A one-year increase in the survey period reduced the odds of the prevalence of wasting by 4% (OR: 0.96; 95% CrI: 0.94--0.98) ([Table 2](#T2){ref-type="table"}). We reported the model without interaction, as the interaction between drought and conflict was found to be implausible.

###### Results of meta-regression from 231 surveys of the prevalence of wasting among children aged 6--59 months in crisis-affected areas within Ethiopia, 2000--2013

  Category                                        Posterior OR (95% CrI)
  ----------------------------------------------- ------------------------
  **Conflict events affecting survey area^a^**    
  No                                              Ref.
  Yes                                             1.02 (0.82--1.26)
  **Drought episodes affecting survey area^b^**   
  None                                            Ref.
  Mild                                            1.04 (0.91--1.19)
  Moderate                                        1.34 (1.05--1.72)
  Severe                                          0.96 (0.68--1.35)
  **Survey period^c^**                            0.96 (0.94--0.98)
  **Administrative region of survey**             
  Afar                                            1.51 (1.15--2.00)
  Amhara                                          1.29 (1.08--1.54)
  Benishangul-Gumz                                1.61 (0.80--3.26)
  Dire Dawa                                       1.53 (0.75--3.13)
  Oromia                                          Ref.
  Somali                                          2.21 (1.74--2.81)
  Southern Nations, Nationalities, and People's   0.82 (0.69--0.97)

OR: odds ratio; CrI: credible interval; Ref.: reference group.

^a^ Conflict events were occurrence of a conflict in a given location within six months of the survey starting date, irrespective of magnitude or impact.

^b^ Drought episodes in a given location were based on the three-month standardized precipitation evapotranspiration index (SPEI): no drought (SPEI \> 0), mild drought (−1 \< SPEI ≤ 0), moderate drought (−1.5 \< SPEI ≤ −1) and severe to extreme drought (SPEI ≤ −1.5).

**^c^** For a one-year increase in the survey period.

Notes: Data were estimated from a pooled sample of 175 607 children. See [Fig. 2](#F2){ref-type="fig"} for the number of surveys, samples sizes, numbers of children affected and prevalence of wasting by category. Wasting was defined as weight-for-height z-scores below −2.

Discussion
==========

Here we present estimates of the prevalence of childhood wasting in crisis-affected areas within Ethiopia, using pooled data from 231 small-scale surveys. We used a Bayesian approach to meta-analysis to improve estimates by taking into account all parameter uncertainties and borrowing strength from all available surveys. Overall, the pooled prevalence of wasting was 11.0% and showed a decreasing trend over the 14-year period covered in the meta-analysis. In nearly 62% of the surveys the prevalence of wasting exceeded WHO's 10% threshold for an emergency response, an indication of a serious concern for child nutrition.[@R21] In a meta-regression analysis we also showed that moderate drought-affected areas had a higher prevalence of wasting than areas unaffected by drought. Conflict in an area, however, was not associated with wasting.

Three results are worth highlighting. First, the prevalence of wasting declined over the period of the study. Economic growth in a country alleviates poverty, thereby reducing the risk of hunger and malnutrition.[@R4] In the period 2000--2011 Ethiopia's average GDP grew by over 10% annually[@R14] and the population living below the national poverty line declined from 44% in 2000 to 30% in 2011.[@R15] Therefore the population below the minimum dietary energy consumption dropped from 41.9% in 2000 to 33.6% in 2011.[@R16] The country achieved the MDG target of reducing extreme hunger by half.[@R4] Ethiopia launched a national nutrition strategy in 2008 with the aim of improving food and nutrition security.[@R35] The different programmes that are in place to improve nutrition practices[@R17] -- including health education, provision of micronutrients and treatment of malnourished children -- could explain the declining trend of childhood wasting found in our study. Despite these improvements in development and a commitment and investment in nutrition interventions in Ethiopia, we found that the prevalence of wasting in crisis-affected areas was high. In particular, Somali, Afar and Amhara regions had higher prevalence than other areas. This could be due to the higher food insecurity problems in parts of the regions as a result of recurrent droughts and land degradation.[@R19]

Second, although the link between drought and nutrition is well recognized, it is often indirect and complex. The quality and quantity of nutrient intake is affected by reduced food production as a result of drought.[@R11] Our results showed that the prevalence of wasting was 34% higher in areas affected by moderate drought relative to non-affected areas, whereas no such difference was observed in areas affected by severe drought. In 2005, the Ethiopian government, in collaboration with partner organizations, launched the Productive Safety Net Programme. The programme aimed to ensure food supplies to chronically food-insecure areas that are highly vulnerable to climate shocks.[@R36] Hence, areas affected by severe drought are more likely to benefit from the programme and this might explain why no effect on wasting was seen in these areas. Furthermore, the country's early warning system,[@R37] which targets the areas affected by severe drought, may also help mitigate the impact of severe droughts. Our results underscore the need for interventions to go beyond predefined severe drought-prone areas, with strengthening of early warning systems and intervention programmes to benefit people living in moderate drought-prone areas too. On the other hand, if we hypothesize that there is a potentially high mortality among children in areas affected by severe drought, survival bias might explain the similar prevalence of wasting in severe drought-affected areas and unaffected areas. This assumption is corroborated by a study that found drought-affected areas experienced higher child mortality in the 2002--2003 drought in Ethiopia.[@R38] Unfortunately, the mortality and cause of death data in the studied surveys were not detailed enough to test our assumptions and to provide a more holistic view of the drought impact on mortality.

Third, conflict and a high prevalence of acute undernutrition are reported to be associated.[@R39] Conflict triggers food insecurity and affects nutrition through disrupting crop production; destroying food stores and livestock; forcing people to eat food with lower nutritional value; affecting market food supply and price inflation; pushing people to live in unhealthy environments; impacting health services; and affecting productivity and family care structures.[@R4]^,^[@R5]^,^[@R40] However, in our meta-analysis, we found no evidence of a difference between the prevalence of wasting in areas affected and unaffected by conflict. The effect of conflict on livelihood and nutrition depends on the nature, magnitude and duration of the conflict.[@R40] In our study, most of the conflict events which occurred during the specified time period were short-lived (mostly one day) and of low magnitude (mainly no fatalities). They may therefore not have had a major impact on the nutrition situation of the community in general and children in particular. Our finding is supported by previous studies,[@R9]^,^[@R41] which found no association between the prevalence of wasting and exposure to conflict events.

Our study had limitations. First, we compiled surveys that were conducted by different organizations for practical and operational purposes; hence the survey results are rarely peer-reviewed, and sharing or publication bias cannot be ruled out.[@R22]^,^[@R23] However, most of the surveys used standardized methods of nutrition surveys such as the SMART (Standardized Monitoring and Assessment of Relief and Transitions) method.[@R42] Furthermore, CE-DAT is a unique and well-established data source for nutrition and mortality indicators in humanitarian emergencies.[@R22]^,^[@R23] Second, while the assessment of CE-DAT coverage is a future area for improvement of the database,[@R22]^,^[@R23] the surveys are representative of small geographical areas, a key characteristic to ascertain the small-scale impact of drought and conflict on nutrition. Third, potential underlying determinants (e.g. coping strategies, diseases and food and non-food interventions)[@R39] which could explain part of the observed variability are not available in CE-DAT. Fourth, the locations for conducting the surveys were likely influenced by suspicions of higher levels of undernutrition. However, our aim here was not to assess malnutrition levels in the country but in crisis-affected areas within Ethiopia. Fifth, the ACLED and UCDP databases mainly collect conflict event data from the media, online journals and nongovernmental organizations' publications.[@R26]^,^[@R27] These could introduce reporting bias (selective reporting or omissions) for political or other reasons. To reduce the bias, we combined the two databases and also considered only the occurrence of conflict, as data on the impact of conflicts (e.g. deaths) are more likely to suffer from reporting bias from different organizations. Although these limitations constrain our study's ability to fully explain the links between drought or conflict and nutrition, the findings still provide evidence to support policies and programmes designed to mitigate the health effects of drought and conflict.

In conclusion, the pooled prevalence indicates a persistent childhood wasting problem in Ethiopia. Therefore, national nutrition strategies should target areas of persistent undernutrition. Although areas affected by severe drought must remain a national priority for specific targeted actions, nutrition policy should consider interventions that go beyond the predefined, severe drought-prone areas and incorporate areas where moderate droughts occur.
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